The RP is a simple and effective procedure for programming cochlear implant devices and, although there were differences in the stimulation levels of some electrodes, it did not interfere in the speech perception outcomes.
INTRODUCTION
Telemedicine is the use of the Internet and technology for dissemination of files and information that may assist in health treatments (1) . Brazil has seen an increase in incentives to the practice of Telemedicine, such as Programa Telessaúde Brasil Redes, a national action that seeks to improve the quality of primary care in the Unified Health System (SUS), integrating learning and service through information technology tools (2, 3) . Teleconsultation is the application of technology to provide health services at a distance, connecting professionals/clients or professionals/ professionals to provide educational, prevention, diagnosis and intervention services (p. 302) (3) . Through teleconsultation, healthcare professionals can communicate quickly and directly with other professionals or patients, regardless of distance (1) . In the area of audiology, telehealth applies to various situations, such as the development of audiology-oriented teleeducation and teleconsultations (4) , remote audiologic diagnostics (through audiometry, otoacoustic emissions and brainstem auditory evoked potential exams) (5) , and remote programming (RP) of electronic devices such as cochlear implant (CI) and hearing-aid devices (3, (7) (8) (9) . To adjust the optimal stimulation parameters of the CI for each patient, the programming of the speech processor must be performed periodically. In the programming, one can adjust the level of stimulation and speech processing strategies and make changes according to the needs of each patient (10) . In live programming (LP) sessions, a clinical history check and a survey of complaints are performed, as well as of tests whose results can pinpoint the needs of the new programming. From this information, the programming parameters as chosen, and the precise stimulation levels are determined (11) . In the Cochlear Implant Group of Hospital das Clinicas, School of Medicine, Universidade de São Paulo (USP), users of CI return to perform programming, on average, four to six times in the first year of CI use and semiannually from then on. Several patients using CI, along with their caregivers, need to travel from their home city to the center where they receive care, which involves transportation and accommodation costs, in addition to interfering in their school and/or professional activities. Therefore, the RP of CI systems is a promising resource to decentralize health services, conduct training of professionals in the field of audiology, and possibly reduce costs for SUS (5) . Some studies were conducted using the RP of CI systems. Ramos et al. (12) compared the RP with the LP in five patients for 12 months, with intervals of 3 months between the programming sessions. The sequence of programming was randomized. The authors found no differences in the stimulation levels of the electrodes in pure tone audiometry and speech perception tests held in RPs and directly. They concluded that the RP is feasible, safe, and easy to use, but cannot completely replace face-to-face attendance.
The RP should be used as a support for professionals who are distant or have technical questions.
Zumpano et al. (5) performed RP in two CI users, with the participation of two speech-language pathologists -one, experienced in CI programming, and the other, without such experience, who received the remote support of the experienced professional. Both the CI users and the speech-language pathologists completed questionnaires at the end of the consultations, whose objectives were to verify the advantages, difficulties, and other aspects of the procedure performed. As a result, they concluded that the RP was a viable resource, and participants showed a high degree of satisfaction.
McElveen et al. (13) longitudinally monitored seven CI users, who underwent the RP and the LP for 12 months. The evaluation was done by obtaining audiometric thresholds, sentences in noise (Hearing in Noise Test), and "consonant-vowel-consonant" words (consonant-nucleusconsonant). No differences were observed between test scores and audiometric thresholds in programming conducted in-person and remotely. The authors concluded that the RP is a feasible, safe, and effective procedure, and can be applied to other CI centers, taking this type of care to the poorest areas of the country.
Wasowski et al. (14) verified the effectiveness of RP in 30 patients, also conducting the RP and LP sessions on the same day. At the end of the programming, participants were asked about the quality and reliability of audio and video, performance and effectiveness of RP, comfort during sessions, and the possible reduction in the time and costs of the trip to the place where they received care before. For most participants and professionals, the RP has been described as an effective method that can facilitate the routine, as well as a safe procedure that is comparable to the LP.
Wesarg et al. (15) conducted a study to evaluate the feasibility, effectiveness, risks, and benefits comparing the RP and LP, using commercial software for video conferencing and remote control for programming the CI. The authors invited 70 CI users to participate in the RP and LP, randomly. No difference was observed in the results between the stimulation levels obtained in both programming situations. The authors concluded that the RP is a viable alternative to the LP, the procedure can be considered safe, time-and cost-effective, and clinically applicable.
Hughes et al. (16) performed the impedance telemetry, neural telemetry, measurement of stimulation levels, speech perception tests, and administered questionnaires relating to the care received by 29 CI users of two brands. The researchers conducted two direct, in-person sessions and one RP session (direct-remote-direct) to compare the results. The three sessions were held in a mean time of 14 days. No differences were observed in the results, except for a difference in maximum levels between the LP and the RP. The authors concluded that the RP is a viable option for research and clinical care, and that more studies are needed to validate the equipment used.
The objective of this study was to investigate the effectiveness of the RP in CI users, both in the CI's audiological results and the programming parameters in remote and direct conditions.
METHODS
This is a prospective, cross-sectional, exploratory study, conducted by the Cochlear Implant Group of Hospital das Clínicas, School of Medicine, USP. It was approved by the institution's ethics committee under protocol number 51702.
The sample was determined by convenience and was constituted by patients who received care from December 2012 to July 2013, who agreed to participate in the study and signed a free and informed consent form.
Inclusion criteria were as follows: patients of both genders, aged between 18 and 59 years, who were CI users for at least 12 months. The internal unit's model was N24R or N24RE and the speech processor's was Freedom SP. Patients also should be able to state the minimum and maximum stimulation levels in programming. Users of the same brand of CI were selected to maintain homogeneity in the evaluation of programming parameters.
The minimum stimulation levels, also called T levels, are those corresponding to the audibility threshold with CI, whereas the maximum stimulation levels, called C levels, are the highest acceptable levels not to cause discomfort (11) . All participants underwent RP and, on the same day, a new programming was conducted in person in the Specialized Unit (SU). The order of the programming was determined by randomization of the sample, performed with Research Randomizer ® (17) . In each programming, a new map was made, which the individual only used at the time of the test. This map is the result of the fixed parameters (identical in both situations) and measured levels that determine the amount of current required to generate an audible sensation in each electrode (18) . The programming comprised the following parameters: determination of minimum and maximum stimulation levels (T and C levels) in five interpolated electrodes -electrodes 22, 16, 11, 6, and 1 (12) , loudness balancing (an adjustment made routinely during CI programming) and adjustments made by voice when needed. If any of these electrodes were deactivated in programming, the adjacent electrode was used. The interpolation of the electrodes is used in clinical practice and establishes the minimum and maximum levels from a sample of electrodes (19) . The other parameters of the programming that compose the map, such as speech coding strategy, speed, and number of maxima, were not modified during the RP and live programming (LP). Parameters already in use by the participants were kept.
The equipment needed for this study were the following: 1. Remote Unit (RU) -presence of an expert audiologist to perform the RP:
• one monitor, for displaying the patient's image;
• In the SU, one notebook and one video monitor were used, so that the image of the speech-language pathologist was in separate screens from the programming software. Thus, the participant had no visual track of the stimuli given during programming. With the help of the webcam, the audiologist at the RU was able to visualize the participant's facial expression and identify possible situations of discomfort with the stimulation. An audiologist was next to the patient during the entire RP session, making the connection of the speech processor with the interface and reinforcing any guidance given remotely.
The place where the programming (both RP and LP) was done was the same, to maintain the same technological resources and physical space conditions in both situations. The same audiologists performed both programming sessions to avoid biases while obtaining the stimulation levels.
After each programming session, the following tests were conducted:
• Obtaining free-field audiometric thresholds at the following frequencies: 250, 500, 1,000, 2,000, 3,000, 4,000, 6,000, and 8,000 Hz; • Open-set sentence recognition tests (20) ; • Monosyllable recognition test (21) , when the percentile of correct answers in the open-set sentence recognition test was equal to or more than 50%.
The open-set sentence and monosyllable recognition tests were applied in a cabin, with recording at 65 dBSPL, according to the evaluation protocol for CI of Hospital das Clínicas, School of Medicine, USP (22) . For statistical analysis, the nonparametric Wilcoxon test for paired samples was used. The significance level used was 5%.
RESULTS
Twelve CI users who underwent periodical monitoring for evaluation and programming of the device in the Cochlear Implant Group of Hospital das Clínicas, School of Medicine, USP, participated in this study. Seven (58.3%) were female and five (41.7%) were men. The mean duration of use was 33.9 months and the mean age of patients was 43.4 years.
Of the 12 participants, 7 (58.3%) initially underwent LP and, shortly thereafter, RP, whereas 5 (41.7%) underwent RP, followed by LP, according to the randomization performed.
In the study of the minimum stimulation levels (T levels), no difference was observed between the levels obtained in the RP and the LP for electrodes 22, 16, and 11 (p<0.05), with the current being higher in the RP, with a median difference of six units on electrodes 22 and 11 (Table 1) .
In the study of maximum stimulation levels (C levels), the only difference found was in electrode 6 (p=0.014), with the current being lower in the RP (Table 2) .
No difference was observed between the results of audiometry and speech perception tests when comparing the two forms of programming (p>0.05) ( Tables 3 and 4) .
DISCUSSION
Studies related to the RP of CI systems found in the literature evaluated the differences in the stimulation levels (15) , auditory thresholds, and speech perception in RP and LP (12, 13, 16, 23) and also assessed the opinion of professionals and participants (5, 12, 14, 16, 23) . Caption: LP = direct programming; RP = remote programming; Min = minimum; Max = maximum.
In this study, all participants underwent RP and LP on the same day, and the order of application was randomized. The randomization was performed carefully to avoid bias in the results, which could be caused by fatigue of the participants throughout the tests. It should be noted that three studies (12, 15, 16) also mentioned that the participants were randomized.
In the comparison between the RP and the LP, we found that there were differences in the electrodes 22, 16, and 11 on the study of minimum stimulation levels, with higher current values in the RP. In the measurement of maximum stimulation levels, a difference was observed in electrode 6, showing lower current values in the RP. The study by Hughes et al. (16) also presented a difference in the maximum stimulation levels, which were higher in two electrodes in the RP. The authors attributed this difference to a possible habituation to the signal, because the participants underwent three programming sessions (two direct sessions and one remote session), even if not on the same day.
The study included the presence of two audiologists, present in the SU and in the RU. The same audiologists performed both programming sessions to avoid biases in obtaining stimulation levels. Because one audiologists performed all the RP other one performed all the LP, we believe that the difference found in the stimulation level was not caused by this.
No difference was found between the results of speech perception tests in the RP and the LP. Other studies (12, 13, 15, 16, 23) also did not show differences in the results of speech perception tests in both programming situations.
In this study, no differences were found in audiometric thresholds in the RP and the LP. These results corroborate other studies in the literature (12, 13, 15, 16, 23) , which also did not find differences in audiometry performed in both programming situations.
Although there were differences between the minimum and maximum levels in four electrodes, comparing the two procedures, this variation was, on average, of three to six current units. This difference might not interfere with the patients' speech perception, as was observed in the comparison of the tests performed after the RP and the LP, but might interfere with performance in more difficult situations, such as understanding speech in noise and talking on the phone, which were not included in this study.
Some studies found in the literature (5, 12, 14, 16, 23) administered questionnaires to participants to obtain their views on the RP (effectiveness, time, preference, and feasibility of application). This aspect was not measured in this study, as the main objective was to compare the auditory results, speech perception, and programming parameters of the RP and the LP.
The study participants were users of the same brand of CI to maintain homogeneity in the analysis of the parameters. The use of two or more brands in this study could interfere with the comparison of the minimum and maximum levels, because each brand and software have different units of measurement, and also in the analysis of these levels in the interpolated electrodes, because each brand has different numbers of CI electrodes. In the literature, we found studies with other brands of CIs (12, 23, 24) , which showed that the RP can be applied to different brands available on the market.
In this study, we considered the benefits that the RP can bring to CI users, because many of them travel long distances to get to the Center responsible for programming.
The programming of the speech processor of the CI should be performed periodically -in the first year of use, the programming is held every 3 months and, from then on, users begin to be monitored every 6 months (as long as they have no complaints and difficulties related the use of CI). In a country with large dimensions, such as Brazil, often the patient's travel costs to the CI Center are high, in addition to the time spent by the patient and their family (5) . Many patients, especially children, are tired when they arrive to the appointment, interfering with their responses and, consequently, with the final programming established (14) . In Brazil, patients who need specialized public care in a given municipality/state, but who reside in other areas, are entitled to Treatment Outside of Area of Domicile (TDF). TFD was regulated by the Brazilian Ministry of Health in SAS Ordinance No. 55 of 02/24/1999, and is a benefit that provides access to the most appropriate treatment for the health problem (25) . The IC Center in which this study was carried out, located in São Paulo, has over 1,000 CI users. Of these, 53% reside in the same state. Among the remaining patients serviced in the Southeast, 11.7% are from Rio de Janeiro, 6.1% from Minas Gerais, and 3.4% from Espírito Santo, totaling 21.2%. In other regions of Brazil, 9.5% patients are from the South, 5.2% from the Northern Region, 5.6% from the Northeast, and 5% from the Midwest. Therefore, the RP could be used as a resource to reduce government spending on this benefit.
The use of telemedicine and telehealth programs is increasing in Brazil. In 2007, work began on the Projeto Telessaúde Brasil, as an action of Programa Mais Saúde, which defined the use of technology to improve the healthcare service. Teleconsulting, remote diagnostics, tele-education, and formative second opinion are among the services provided (questions originated in teleconsulting are answered based on scientific evidence and revisions of literature) (2) . With the steady growth in the use of technology to benefit the communication between healthcare professionals and the care provided to patients, the Federal Council of Medicine (CFM) (26) and the Federal Council of Speech-Language Pathology and Audiology (CFFa) (27) , defined the practice of medicine through telemedicine and telehealth. The resolution highlighted, among other things, the importance of ethics and of information security when providing care and discussing cases via the Internet.
The CFFa, in Resolution No. 427 of 03/01/2013 (27) , sets rules for the use of telehealth in Speech-Language Pathology and Audiology. The resolution determined that the professional can provide services such as mentoring other professionals and aiding in the diagnosis and clinical care, as long as the patient agrees to the intervention and that data are transmitted through the Internet safely and confidentially. It also determined that there must always be a registered professional next to the patient during the performance of the remote service.
Besides the performance of the RP, telemedicine can aid in the training and qualification of professionals, as well as supporting new CI cores. We know that there are limitations, such as difficulty in access to high-speed Internet connection and access to the necessary equipment in more remote regions; however, the RP can be a key resource for the decentralization of health services (5) and training of professionals in the less favored regions. Ramos et al. (12) emphasized that telemedicine is also effective in emergency cases, in which professionals find problems with equipment (including the operation of the CI, which can be checked at a distance), and when there is demand for the adjustment of the programming by the patient.
Remote care is feasible, safe, and effective, and can be applied to other centers routinely (5, 13, 14) . Studies found in the literature showed that one of the advantages of this practice is that the patient does not need to travel from their city of origin to the CI Center, reducing costs and travel time. Other advantages are the support to professionals who are in remote locations and optimization of the professional's time. However, these aspects were not directly assessed in this study, and may be addressed in future studies on the RP of CI systems.
CONCLUSION
The RP is a feasible and effective procedure when compared to LP. Although differences were found in stimulation levels between the RP and the LP, there was no difference in the results of speech perception tests and audiometry performed in both procedures. 
